A transforming growth factor-alpha-Pseudomonas exotoxin hybrid protein undergoes pH-dependent conformational changes conducive to membrane interaction.
TP40 is a chimeric protein containing transforming growth factor alpha (TGF-alpha) at the N-terminus and a derivative of a 40,000-Da segment (PE40 delta cys) of Pseudomonas exotoxin (PE). PE40 delta cys contains domains Ib, II, and III of PE in which the cysteines are mutated to alanines. The rationale for inclusion of TGF-alpha is to provide TP40 with selective targeting toward cells expressing the epidermal growth factor receptor (EGFr) on their surface [Pastan, I., & FitzGerald, D. (1989) J. Biol. Chem. 264, 15157-15160]. Translocation across endosomal membranes is thought to be a required step for cytotoxic activity of PE. This step is presumably facilitated by the low pH in endosomes which induces exposure of a hydrophobic surface of the protein, which in turn becomes available to interact with and translocate across the membrane. We have employed the hydrophobic fluorescence probe 2-p-toludinylnaphthalene-6-sulfonate (TNS) and the intrinsic tryptophan fluorophores of TP40 to investigate pH-induced changes in the tertiary structure of this protein. The pH dependence of TP40 interaction with liposomes also provided a model for studying protein-membrane interactions. TNS fluorescence was markedly enhanced in the presence of TP40 below pH 4 and to a lesser degree between pH 7 and 5. A progressive red shift of tryptophan fluorescence with decreasing pH was also seen with the approximate midpoint for this transition occurring around pH 3. Both observations suggest that acidic pH induces exposure of hydrophobic regions of TP40, making them accessible to solvent and TNS. No major alteration of the secondary structure was manifested in the far-UV CD spectrum of TP40 upon a reduction in pH from 7 to 2. Thus, the low-pH-induced structural change of TP40 appears to involve a subtle exposure of one or more hydrophobic surfaces without an extensive unfolding of the protein's secondary structure. In the presence of anionic liposomes, a low-pH-induced blue shift of the TP40 tryptophan fluorescence was observed, suggesting that interaction with liposomes also required the low-pH conformation of the protein. However, the midpoint of this fluorescence blue shift occurred at approximately pH 5, which is presumably closer to the physiological pH within endosomes. Neutral liposomes failed to induce these spectral changes in TP40, implying a lack of interaction with these lipids. At acidic pH values between 2 and 4, self-association of TP40 in solution was detected by equilibrium sedimentation and quasielastic light scattering measurements. This probably results from intermolecular interaction between exposed hydrophobic surfaces.(ABSTRACT TRUNCATED AT 400 WORDS)